Network-based real-time kinematic ionospheric residual modelling and integrity monitoring system by Leong, Shien Kwun
  
 
NETWORK-BASED REAL-TIME KINEMATIC IONOSPHERIC RESIDUAL 




















UNIVERSITI TEKNOLOGI MALAYSIA 
  
 
NETWORK-BASED REAL-TIME KINEMATIC IONOSPHERIC RESIDUAL 










A thesis submitted in fulfilment of the 
requirements for the award of the degree of 




Faculty of Geoinformation and Real Estate 
























 I would like to acknowledge the contribution and express my gratitude to all 
those who gave me the possibility to complete this study. A special thanks to All 
Mighty God for enabling me to study a small portion of his magnificent creation. I 
am deeply indebted to my supervisor, Dr. Tajul Ariffin Musa for his motivation, 
advice and discussions towards the completion of this study. He has been stimulating 
space and freedom for me to “taste” and venture into research. I am also very 
thankful to Professor Dr. Khairul Anuar Abdullah, who is my co-supervisor has 
provided continuous motivation. I would like to thank the Department of Survey and 
Mapping Malaysia (DSMM) for providing valuable MASS and MyRTKnet GPS data, 
and IGS for data services. The work is sponsored by three research projects: i) 
MOSTI eScienceFund project entitled “The Development of WPInet GPS Services 
for Precise Real-Time Positioning, Mapping and Navigation” (V79260); ii) UTM 
Short-Term Research Project entitled “Mapping GPS-Derived Ionospheric Total 
Electron Content Over Peninsular Malaysia During The Pre-Solar Maximum Sunspot 
Cycle 24” (V77259); and iii) UTM Research University Grant entitled GPS Network 
Integrity Monitoring for ISKANDARnet” (V00J54). 
 
 My sincere appreciation also extends to all my comrades in GNSS & 
Geodynamics Research Group who have provided assistance and moral support at 
various occasions. Unfortunately, it is not possible to list all of them in this limited 











 The Earth’s ionosphere, which is among the major error contributor in Global 
Positioning System (GPS), is sensitive to level of solar activities. During this study, 
the concern is on the peak of upcoming Solar Cycle 24 expected in May 2013, which 
will induce severe disturbance to the ionosphere. This phenomenon raises the 
question of how will this affect the equatorial ionosphere and real-time GPS 
positioning. This research helps to understand the geomorphology and climatology of 
equatorial ionosphere in the Malaysian sector. A combination of local and global 
GPS network with abundant data has been employed to map the Total Electron 
Content (TEC) of equatorial ionosphere over Malaysia. The results show that 
dynamic morphological characteristics of ionosphere induce spatially- and 
temporally-correlated errors to GPS positioning. A significant amount of these 
effects can be mitigated with Network-based Real-Time Kinematic (NRTK) 
technique by generating network correction. This network correction can be tuned to 
output dispersive correction in order to better model the ionospheric residuals. 
Dispersive correction approach has been implemented in ISKANDARnet NRTK 
system for NRTK service enhancement. Extensive tests conducted within 
ISKANDARnet coverage under undisturbed ionosphere condition found that 
dispersive correction approach outperformed conventional lump correction with: (i) 
mean improvement of 20% in ambiguity resolution success rate, (ii) positioning 
accuracy was two-fold better with all error components lay within ±10 cm, and (iii) 
21% improvement in mean ambiguity resolution validation ratio was achieved. 
However, imperfect ionospheric modelling due to rapid ionospheric irregularities 
leads to the need of establishing a near real-time ionospheric outburst monitoring 
system. Thus, the ISKANDARnet Ionospheric Outburst MOnitoring and Alert 
System (IOMOS) is developed to effectively quantify ionospheric disturbances, 
translate into indices and disseminate nowcast alert to users in near real-time. The 
IOMOS mainly serves as NRTK integrity monitoring system to ensure reliable 
NRTK solutions are delivered to users. It also functions as a near real-time space 
weather monitoring system to probe ionospheric perturbations. Overall, this research 










 Ionosfera bumi merupakan antara penyumbang selisih utama dalam Sistem 
Penentududukan Sejagat (GPS) sensitif kepada tahap aktiviti suria. Kajian ini 
berkisar tentang Kitar Suria ke 24 yang dijangka memuncak pada Mei 2013 akan 
menyebabkan gangguan teruk terhadap ionosfera. Fenomena ini menimbulkan 
persoalan bagaimana ia memberi kesan kepada ionosfera di kawasan khatulistiwa 
dan penentududukan GPS masa hakiki. Penyelidikan ini membantu pemahaman 
mengenai geomorfologi dan klimatologi ionosfera khatulistiwa di sektor Malaysia. 
Gabungan jaringan GPS tempatan dan global digunakan untuk memetakan 
kandungan total elektron (TEC) di Malaysia. Hasil menunjukkan bahawa sifat 
morfologi ionosfera yang dinamik memberi selisih ruang dan masa kepada 
penentududukan GPS. Sebahagian besar selisih ini dapat dikurangkan melalui teknik 
Jaringan Kinematik Masa Hakiki (NRTK) dengan menjana pembetulan jaringan. 
Pembetulan jaringan ini boleh dilaraskan supaya membentuk pembetulan serakan 
untuk memodelkan reja ionosfera dengan lebih baik. Pembetulan serakan ionosfera 
telah dilaksanakan dalam sistem NRTK ISKANDARnet untuk penambahbaikan 
sistem perkhidmatan NRTK. Ujikaji terperinci yang dijalankan dalam liputan 
jaringan ISKANDARnet semasa keadaan ionosfera yang tiada gangguan 
menunjukkan bahawa pendekatan pembetulan serakan ionosfera menandingi 
pembetulan gumpalan konvensional dengan: (i) purata penambahbaikan sebanyak  
20% dalam kadar penyelesaian ambiguiti, (ii) ketepatan penentududukan dua kali 
ganda lebih baik dengan semua komponen selisih dalam lingkungan ±10 cm, dan (iii) 
21% penambahbaikan dalam nisbah pengesahan bagi penyelesaian ambiguiti dapat 
dicapai. Namun demikian, permodelan ionosfera yang tidak sempurna disebabkan 
perubahan ionosfera yang pantas menimbulkan keperluan untuk menubuhkan sistem 
pemantauan letusan ionosfera masa hakiki. Justeru itu, Sistem Pemantauan dan 
Amaran Letusan Ionosfera (IOMOS) untuk ISKANDARnet dibangunkan dengan 
menghitung kuantiti gangguan ionosfera dalam bentuk indeks ionosfera dan 
menyebarkan amaran semasa kepada pengguna. IOMOS kini digunapakai sebagai 
sistem pemantauan integriti NRTK untuk memastikan hasil teknik NRTK boleh 
dipercayai untuk disalurkan kepada pengguna. IOMOS juga berfungsi sebagai sistem 
pemantauan cuaca angkasa pada masa hakiki untuk meneliti gangguan ionosfera. 
Secara keseluruhannya, hasil penyelidikan ini dapat memanfaatkan komuniti 
penentududukan GPS dan cuaca angkasa. 
